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Unearned Premiums and Deferred Policy 
Acquisition Expenses in Automobile Extended 
Warranty Insurance 
Joseph Cheng* 
Abstract 
A prorata formula is commonly used to calculate unearned premium re-
serves in property-casualty insurance. I believe, however, that an exposure-
adjusted formula is more appropriate in automobile extended warranties. This 
paper describes the exposure-adjusted approach to calculate the unearned pre-
mium reserves of an automobile extended warranty insurance program, to test 
the adequacy of the calculated reserves, and to determine the allowable de-
ferred policy acquisition expenses from an insurance company's perspective. 
Key words and phrases: exposure, unearned premium reserves 
1 Introduction 
In the 1970s auto manufacturers introduced a one-year/12,000 mile 
bumper-to-bumper warranty on new vehicles as a response to consumer 
demand for quality. Reception from consumers was so good that third 
party companies (Le., companies that do not produce automobiles) be-
gan to market an extension to the manufacturer's warranty; hence the 
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name extended warranty.l Third party automobile extended warranties 
are now subject to insurance regulation because many third party unin-
sured extended warranty programs became insolvent in the 1980s and 
numerous consumers were left uncompensated. As the market for au-
tomobile extended warranties expands, the manufacturers also market 
their own brand of extended warranties. Unlike third party companies, 
each manufacturer provides extended warranties only for its own vehi-
cles. Most, but not all, jurisdictions exempt the manufacturer's brand 
of extended warranty from insurance regulation. 
A new automobile extended warranty (hereinafter called an extended 
warranty) usually is defined by two limits: time and mileage. An ex-
tended warranty expires when either of the two limits is reached. For 
example, a five-year/60,000 mile extended warranty means the war-
ranty will expire either in five years or when the odometer reading 
reaches 60,000 miles, whichever comes first. The extended warranty 
for new vehicles usually does not come into effect until coverage under 
the manufacturer warranty has expired. Most manufacturers now offer 
a three-year/36,000 mile full (bumper-to-bumper) coverage; a few offer 
even longer ones. As a result, only 10 percent to 30 percent of new 
vehicle owners have purchased extended warranties. 
As the exposure of an extended warranty is measured from the ini-
tial registration date of the new vehicle, the age of any extended war-
ranty is the time elapsed between the initial registration date and the 
valuation date. In this paper, an extended warranty is assumed to be 
effective on the first day of the effective month. 
Most extended warranty programs give the original owner up to 
36 months to purchase an extended warranty as long as the three-
year/36,000 mile portion of the manufacturer's warranty has not ex-
pired. A delayed purchase does not increase the exposure of the in-
surer at the time of purchase because both the expiration date and 
mileage limit remain the same as if the extended warranty were bought 
on the registration date of the vehicle. Also, a change in vehicle own-
ership does not automatically eliminate the exposure of the extended 
warranty insurer. In almost all extended warranty programs, the cov-
erage can be transferred to the next vehicle owner by paying a modest 
transfer fee. In some cases, the transfer fee is waived. 
1 The manufacturer's warranty that comes with a new automobile is not considered 
insurance in North America. 
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1.1 Objectives 
The objectives of this paper are twofold: (i) to introduce a method-
ology to calculate the unearned premium reserves for an extended war-
ranty; and (ii) to describe a general procedure to test the adequacy of 
the calculated unearned premium reserves and estimate the allowable 
deferred policy acquisition expenses. 
Section 2 discusses the differences between unearned premium re-
serves calculated on an exposure-adjusted basis or on a prorata basis. 
The extended warranty data are introduced in Section 3. The data are 
organized by the effective month of the manufacturer warranty. In Sec-
tion 4 the method used to calculate the unearned premium reserves for 
an automobile extended warranty contract is discussed. Section 5 deals 
with testing the adequacy of unearned premium reserves. Unearned 
premium reserves plus future investment income derived thereof are 
compared against future claims and expenses to determine if premium 
deficiency exists. Investment income is estimated from interest-bearing 
assets, taking into account credit risk, interest rate risk, and payment 
pattern risk. Section 6 discusses the treatment of deferred policy ac-
quisition expenses. In U.S. and Canadian GAAP financial statements, 
insurance companies are allowed to defer policy acquisition expenses 
to the extent they meet the test of recover ability. The impact of rein-
surance on a mono line warranty insurance company's balance sheet is 
discussed. Section 7 gives a summary and conclusions. The appendix 
contains details of FASB Statement No. 60 (FASB60), CICA Accounting 
Guideline NO.3 (AcG3), and the nature of credit risk, interest rate risk, 
and payment pattern risk. 
2 Unearned Premium Reserves 
An insurance company can calculate the unearned premium reserves 
of an extended warranty insurance program on an exposure-adjusted 
basis or on a prorata basis. As the manufacturer provides the first three-
year/36,OOO mile coverage, the insurer's exposure in the first three 
years is minimal because few drivers will exceed 36,000 miles in this 
period. A prorata unearned premium reserve formula will overstate 
the earned premiums in the first three years. From an income and 
outgo matching perspective, the exposure-adjusted basis is a better ap-
proach. Under the exposure-adjusted approach, premiums are earned 
in proportion to the emergence of the expected losses; when 5 percent 
of the ultimate losses are expected to be the cumulative incurred at 
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the end of year two, the formula should have 95 percent of the writ-
ten premiums as unearned premiums. As an illustration, a hypotheti-
cal six-year/72,OOO mile (6/72) extended warranty with an underlying 
three-year manufacturer warranty might have the following cumulative 
expected loss, expected earned, and unearned pattern shown in Table 
l. The earned pattern, with a proper amortization of acquisition ex-
penses, theoretically would match the income and outgo of the 6/72 
contract throughout the life of the extended warranty. 
Table 1 
Hypothetical Pattern of Cumulatives 
Time (in Months) 
Cumulative 0 12 24 36 48 60 72 
Losses 0% 2% 5% 15% 45% 75% 100% 
Earned Premium 0% 2% 5% 15% 45% 75% 100% 
Unearned Premium 100% 98% 95% 85% 55% 25% 0% 
Suppose an insurer has M different types of extended warranty con-
tracts each running for n months. For a contract type m, let Pim de-
note the expected monthly pure premium paid at the start of month i, 
i = 1,2, ... , n. The expected undiscounted pure premium for contract 
type m is Pm where 
n 
Pm = LPi,m. 
i=l 
The unearned premium ratio for a contract type m at i months is: 
i n 
I h,m I hm 
k=l k=i+l Ri,m = 1 - Pm ---'--P-
m
- (1) 
with Rnm = O. Let Gi,m represent the written premiums of a group 
of type m extended warranties that are i months old; then, the total 
unearned premiums is: 
n 
Um = L Ri,mGi,m' 
i=l 
The total unearned premiums of the entire program is: 
(2) 
Cheng: Automobile Warranty 67 
M M n 
U = I Um = I I RimGim. (3) 
m=l m=l i=l 
Equations (1), (2), and (3) hold true for either the prorata method or the 
exposure-adjusted method. In the case of the prorata method PI,m = 
P2,m = P3,m = ... = Pn,m for contract type m. 
Under the prorata method, premiums are earned in proportion to 
the time expired on the contract. Notwithstanding its simplicity, the 
prorata method produces a severe overstatement of premiums earned 
in the early part of the contract and a corresponding understatement 
of earned premiums near the end of the contract. 
At this time, there is no consensus as to which method is proper. 
The accounting profession has limited guidance on extended warranty 
unearned premium reserves. Under National Association of Insurance 
Commissioners (NAIC) rules, extended warranties with contract terms 
greater than 13 months are considered as long duration contracts. There 
is a three-way test to determine the unearned premium reserve. (For 
the P&C Statutory Statement of Actuarial Opinion, see the American 
Academy of Actuaries Property and Casualty Practice Note of December 
2000 for guidance.)2 Under FASB60, extended warranties are classified 
as short-duration contracts: "Premiums from short-duration contracts 
ordinarily are recognized as revenue over the period of the contract in 
proportion to the amount of insurance protection provided."3 
A straight interpretation of FASB60 would suggest the following two 
approaches: prorated by months elapsed or by mileage driven. The first 
approach (Table 2) assumes there is no exposure in the first three years, 
i.e., no policyholder drives more than 12,000 miles per year. This we 
know is an implausible assumption. The second approach (Table 2) 
assumes that one can determine the odometer readings of all policy-
holders on a valuation date. The second approach is more accurate 
than the first, but it is impractical. The exposure-adjusted method is 
a blend of both approaches. When supported by loss experience, the 
exposure-adjusted method is the only one that follows the intent of 
FASB60. 
Under Canadian GAAP, unearned premium reserves of extended war-
ranties can be computed on an exposure-adjusted basis or prorata ba-
sis. Most companies, however, use the exposure-adjusted method. 
2Developed by the COmmittee on Property and Liability Financial Reporting of the 
American Academy of Actuaries, 1100 17th Street NW, 7th Floor, Washington DC 20036. 
3Summary of FASB Statement No. 60, paragraph 3 is given in Appendix A. 
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Table 2 
Prorata Earned Exposure Over Extended Warranty Period 
Time (in Months) 
Cumulative 
Mileage (in 1000s) 
Earned 
o 12 24 36 48 60 
o 12 24 36 48 60 
o o o 0 1/3 2/3 
72 
72 
3/3 
3 Data Organization 
As most extended warranty programs allow the vehicle owner to 
purchase an extended warranty while the three-year/36,000 mile man-
ufacturer's warranty is in effect, it is convenient to track the exposure 
and claim payments of an extended warranty by the date of sale of the 
vehicle rather than by the date of sale of the extended warranty. 
Table 3 
Historical Data for Contract Type m 
Effective Month (j) 
Age 1 2 94 95 96 
(i) 1/91 2/91 10/98 11/98 12/98 
1 Al,l,m Al,2,m A l ,94,m Al,9S,m Al,96,m 
2 A2,1,m A2,2,m A2,94,m A2,9S,m 
3 A3,1,m A3,2,m A3,94,m 
73 A73,l,m A73,2,m 
Notes: Ai.j.m = Total claim amount paid during the month i from type m 
contracts with effective month j and age i = 1 + Valuation Month/year - j. 
Claim payments are used here in lieu of incurred claim amounts for 
two reasons: (i) outstanding claim estimates are not exact and actual 
payments after the valuation date (e.g., December 31, 1998) may differ 
from the original estimates; and (ii) a small number of rejected claims 
is submitted for a second adjudication, and some of them are approved 
for payments later. Table 3 shows sample historical data for contract 
type m, and Tables 4 and 5 show the actual data for a two-year/24,000 
mile plan with a one-year/12,000 mile manufacturer warranty. Tables 
4 and 5 use data points from 12/96 to 12/98. 
9 
II:> 
:::; 
Table 4 ~ 
Historical Claim Amount by Manufacturer Effective Month and Age of Warranty (12/96-11/97) )::. s;: 
.... 
1 2 3 4 5 6 7 8 9 10 12 Cl 11 ~ 
Cl 
Age 12/96 1/97 2/97 3/97 4/97 5/97 6/97 7/97 8/97 9/97 10/97 11/97 ~ ~ 
1 100 105 94 95 89 92 131 140 68 114 103 102 ~ 2 100 105 94 95 89 92 131 140 68 114 103 102 ..... 
..... 
~ 
3 100 105 94 95 89 92 131 140 68 114 103 102 :::; 
.... 
'" 4 100 105 94 95 89 92 131 140 68 114 103 102 
5 100 105 94 95 89 92 131 140 68 114 103 102 
6 100 105 94 95 89 92 131 140 68 114 103 102 
7" 100 105 94 95 89 92 131 140 68 114 103 102 
8 100 105 94 95 89 92 131 140 68 114 103 102 
9 100 105 94 95 89 92 131 140 68 114 103 102 
10 500 525 470 475 445 460 655 700 340 570 515 510 
11 500 525 470 475 445 460 655 700 340 570 515 510 
12 500 525 470 475 445 460 655 700 340 570 515 510 
13 12000 12600 11280 11400 10680 11040 15720 16800 8160 13680 12360 12240 
14 12000 12600 11280 11400 10680 11040 15720 16800 8160 13680 12360 12240 
OJ 
CD 
'-I 
0 
Table 4 (Continued) 
Historical Claim Amount by Manufacturer Effective Month and Age of Warranty (12/96-11/97) 
1 2 3 4 5 6 7 8 9 10 11 12 
Age 12/96 1/97 2/97 3/97 4/97 5/97 6/97 7/97 8/97 9/97 10/97 11/97 
15 12000 12600 11280 11400 10680 11040 15720 16800 8160 13680 12360 
16 18000 18900 16920 17100 16020 16560 23580 25200 12240 20520 
17 18000 18900 16920 17100 16020 16560 23580 25200 12240 "-c 
18 18000 18900 16920 17100 16020 16560 23580 25200 s:: 
'" ::s 
19 23000 24150 21620 21850 20470 21160 30130 ~ 
c 
20 23000 24150 21620 21850 20470 21160 ........ > 
t"'\ 
21 23000 24150 21620 21850 20470 .... s:: 
t) 
22 32500 34125 30550 30875 
'" [ 
23 32500 34125 30550 ~ 
24 32500 34125 ;::; t"'\ 
.... 
25 95000 r;' ~CI:> 
#Ins 10000 10500 9400 9500 8900 9200 13100 14000 6800 11400 10300 10200 ~ 
Notes: Age = Age of Contracts; and #Ins = Number of Insured Contracts by Manufacturer Effective Month. ~a 
I\.J 
a 
a 
I\.J 
9 
~ 
:3 
Table 5 ~ 
Historical Claim Amount by Manufacturer Effective Month and Age of Warranty (12/97-12/98) )::.. s: 
13 14 15 16 17 18 19 20 21 22 23 24 25 0 ~ 
c 
Age 12/97 1/98 2/98 3/98 4/98 5/98 6/98 7/98 8/98 9/98 10/98 11/98 12/98 ~ ~ 
1 135 115 85 87 95 64 120 115 147 65 110 96 83 ~ 2 135 115 85 87 95 64 120 115 147 65 110 96 .... 
S:1 
3 135 115 85 87 95 64 120 115 147 65 110 :3 
... 
'" 4 135 115 85 87 95 64 120 115 147 65 
5 135 115 85 87 95 64 120 115 147 
6 135 115 85 87 95 64 120 115 
'7 135 115 85 87 95 64 120 
8 135 115 85 87 95 64 
9 135 115 85 87 95 
10 675 575 425 435 
11 675 575 425 
12 675 575 
13 16200 
14 
'-l 
""" 
'-I 
N 
Table 5 (Continued) 
Historical Claim Amount by Manufacturer Effective Month and Age of Warranty (12/97-12/98) 
Age 12/97 1/98 2/98 3/98 4/98 5/98 6/98 7/98 8/98 9/98 10/98 11/98 12/98 
15 
16 
17 
18 '--0 
s:: 
19 ""'; ::s 
tl 
20 -0 
21 -.... ):. 
t"'\ 
22 .... s:: 
tl 
23 ""'; §: 
24 ""1j 
s:; 
25 t"'\ 
.... 
~. 
#Ins 13500 11500 8500 8700 9500 6400 12000 11500 14700 6500 11000 9600 8300 ~CI> 
~ 
Notes: Age = Age of Contracts; and #Ins = Number of Insured Contracts by Manufacturer Effective Month. No data 
available for ages 15 to 25. ~<:::> 
I\.J 
<:::> 
<:::> 
I\.J 
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Table 6 
Projected Exposures 
Calendar 
Month 
July 1991 
November 1993 
December 1993 
June 1997 
July 1997 
August 1997 
Age i 
In Months 
1 
29 
30 
72 
73 
74 
Exposure 
Ei,j,m 
1000 
1,000 
1,000 
1,000 
1,000 
o 
4 Methodology and Assumptions 
73 
First, the exposures (in contract months) must be determined. Let 
Ei,j,m be the number of exposures for a specific contract type m, age i 
months, and effective month j. For a given effective month (based on 
manufacturer's warranty effective date) and contract type, the number 
of exposures Ei,j,m can be projected for each month subsequent to its 
effective month. Lapses are ignored in this projection. 
As an example, there are 1,000 type m contracts in a six-year/72,OOO 
mile program with effective month in July 1991. The exposures are 
projected in Table 6. These projections assume that all contracts are 
effective on the first day of each month. The extra month (73rd month) 
is used to capture all late payments or repairs done in the last month 
of the contract. These projections also assume that after a cooling off 
period (usually 60 days for consumers to reverse their impulsive deci-
sions to purchase extended warranties), the extended warranty count 
remains constant until expiration. In practice a small percentage of war-
ranties are cancelled mid-term because their underlying vehicles have 
been written off in accidents. Ignoring these cancellations will not have 
a material effect on the future claim projections because 
Expected Future Claims = Pure Premium x Exposure. 
Though the exposure term is overstated by the inclusion of canceled 
extended warranties, the pure premium term is understated by roughly 
the same percentage. (The no-lapse assumption can be removed if one 
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keeps track of exposures, not only by effective month and contract type, 
but also by age of each contract.) For the rest of this paper the no lapse 
assumption is used. 
From the data, the monthly pure premiums can be estimated by age 
for each contract as follows: 
Ni,j,m = Number of claims in month i of the contract term for type m 
contracts with effective dates in month j; 
Ei,j,m = Number of type m contracts in force in month i of the contract 
term with effective dates in month j; 
Ai,j,m = Total actual claim payments made in month i of the contract 
term for type m contract with effective dates in month j; 
Pi,m = Average pure premium in month i for the contract type m. 
Thus 
Pi,m = Claim Frequency x Average Claim Size 
2..j Ni,j,m 2..j Ai,j,m 
= x-=-'"""-'------2..j Ei,j,m 2..j Ni,j,m 
2..j Ai,j,m 
2..j E i,j,m· 
(4) 
The average pure premium is usually calculated using the last 12 cal-
endar months of data available for each age i. If it is necessary to use 
more than 12 months of data, some inflation adjustment to equation 
(4) is needed. For newer contracts, the data have not reached the part of 
the contract term when claims are more likely to be made. Therefore, 
the pure premiums have to be estimated from the more mature con-
tracts with similar features. In all cases, Pi,m should be smoothed and 
adjusted .to the valuation date cost level. The resulting Pi,m becomes 
the expected monthly pure premiums for contract type m. 
Using a six-year/72,OOO mile contract as an illustration, with only 
one type of contract, Le., m = 1, the monthly expected pure premiums 
are PI,1 through P73,I. The expected undiscounted pure premium of a 
six-year/72,OOO mile contract that is i months old is: 
73 
Expected Pure Premium = L Pk,l. 
k=i+l 
(5) 
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Let n be the valuation month. It is assumed that Ei,j,l = Ei,.,l only when 
j = n - i + 1. Assuming there are Ei+1,.,1 contracts that are i months 
old, the expected payments of these contracts is: 
73 
Expected Payments = L Ei+1,·,l Pk,1. 
k=i+1 
(6) 
Let us assume that the valuation date is December 31, 1998 and that 
there are E73,.,l contracts effective (in-force) in January 1993, . '" E25,.,1 
contracts effective in January 1997 .. . E2,.,1 contracts effective in Decem-
ber 1998. As there usually is a cost inflation in warranty repairs due 
to the fact that the cost of parts and labor tend to increase over time, 
and Pi,l from equation (6) is at the December 1998 cost level, it follows 
that Pi,! must be adjusted for inflation after the valuation date. Let 
r denote the monthly inflation rate. Equation (7), the expected undis-
counted inflation-adjusted payments for contracts that are i months 
old, (EUIAPd, is given by: 
73 
EUIAPi = Ei+1,.,1 L Pk,l (1 + r)k-i. 
k=i+1 
(7) 
The expected undiscounted inflation-adjusted payments for contracts 
with four years to expiry, EUIAP24, is expanded as in Table 7. The total 
expected losses (Le., the total expected undiscounted inflation-adjusted 
payments) from all 6/72 contracts (after the valuation date) is given by 
72 
Total Expected Losses = L EUIAPi. 
i=l 
(8) 
Figure 1 shows the (EUIAP) calculation for all 6/72 contracts. The 
rows in the upper triangle represent the age of the contracts, and the 
columns represent the effective month of the contracts. The sum of col-
umn i is EUIAPi. Each diagonal, however, represents a calendar month 
of payments starting from January 1999. The upper triangle can be 
re-oriented so that each diagonal becomes a row corresponding to the 
calendar month in which payments are expected. (See the lower trian-
gle.) 
76 
Age 
1 
2 
73 
Payment 
in 
Jan. 99 
Feb. 99 
Dec. 04 
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Figure 1 
Expected Undiscounted Inflation-Adjusted 
Payment Calculation for all 6/72 Contracts 
Effective Month 
Jan. 93 
Effective Month 
Jan. 93 
EUIAPi 
Dec. 98 
Dec. 98 
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Table 7 
Expected Undiscounted Inflation-Adjusted Payments 
For Contracts with Four Years to Expiry, EUIAP24 
Claim Payment Pure Inflation Expected 
Age Month Prem Factor Exp Payments 
25 Jan 1999 P25,1 (1 + r) E25,,1 (1 + r)P25,IE25,,1 
26 Feb 1999 P26,1 (1 + r)2 E25,·,1 (1 + r)2P26,IE25,,1 
27 Mar 1999 P27,1 (1 + r)3 E25,,1 (1 + r)3P27,IE25,.,1 
28 Apr 1999 P28,1 (1+r)4 E25,·,1 (1 + r)4P28,IE25,,1 
72 Dec 2002 P72,1 (1 + r)48 E25,.,1 (1 + r)48P72,IE25,.,1 
73 Jan 2003 P73,1 (1 + r)49 E25,,1 (1 + r)49P73,IE25,,1 
Notes: Prem = Prem1um; and Exp = Exposure. 
Equation (8) essentially sums each column of Figure 1 from right 
to left. As inflation is applied on a calendar month basis, it is more 
convenient to use the lower triangle in Figure 1 and sum each row. 
Thus, equation (8) can be re-written as: 
72 
Total Expected Losses = L EUIAPi 
i=1 
72 73 
= L L hI (1 + r)k- iEi+l,,1 
i=lk=i+l 
73 73 
= L L Pi,I E i+2-k,.,1 (1 + r)k-l. (9) 
k=2i=k 
5 Adequacy of Unearned Premiums 
The basic approach to testing the adequacy of unearned premiums 
[see, for example, Cantin and Trahan (1999)] is to compare two quanti-
ties: (i) the sum of unearned premiums and investment income from the 
funds backing the liabilities, and (ii) the sum of expected losses, claim 
adjustment expenses, and policy maintenance expenses. If the sum in 
(i) exceeds the sum in (ii), then the test indicates that the unearned pre-
mium reserves are adequate and some acquisition expenses may be de-
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ferrable for GAAP financial reporting.4 If the sum in (ii) exceeds the sum 
in (i), then the test indicates that there is a premium deficiency. When 
there is premium deficiency, both u.s. and Canadian GAAP require a 
premium deficiency provision. A premium deficiency first should be 
recognized by writing off any unamortized deferred policy acquisition 
expenses to the extent required. If the premium deficiency is greater 
than the unamortized deferred policy acquisition expenses, a separate 
liability should be provided for the excess deficiency. This has the same 
effect as increasing the unearned premium reserves to meet the future 
claims and expense obligations. 
As extended warranties usually have terms shorter than seven years, 
it is reasonable to use a portion of the company's bond portfolio to sup-
port the unearned premium reserves. The expected investment yield 
of this portfolio must be estimated in order to determine the future 
investment income attributable to the assets supporting the unearned 
premium reserves. Besides the portfolio market yield, there are several 
risks to consider: credit risk, interest rate risk, claim payment pattern 
risk, liquidity risk, and foreign exchange risk. Because most insurance 
companies invest in high-grade bonds and because extended warranty 
claims tend to be in one currency, liquidity and foreign exchange risks 
are ignored in this paper.s The expected investment yield of the bond 
portfolio is first obtained and then the margins for credit risk, interest 
rate risk, and payment pattern risk are subtracted to obtain an esti-
mate of the expected yield of this portfolio.6 The following example 
illustrates how the expected yield is estimated. 
(1) Market yield (annual) of portfolio 5.75% 
(2) Credit risk (annual) of portfolio 
(3) Interest rate (annual) risk 
(4) Payment pattern (annual) risk 
(5) Expected yield (annual): (1) - (2) - (3) - (4) 
(6) Expected yield (monthly) 
0.10% 
0.30% 
0.35% 
5.00% 
0.4074% 
Once the expected investment yield and the expected losses are 
known, the run-off experience of the warranty program can be fore-
casted. Starting with the market value of the bonds backing the un-
earned premium reserves, monthly claim payments, claim adjustment 
4Relevant sections of FASB60 and ACG3 are reproduced in Appendix A. 
sIhe credit risk, claim payment pattern risk, and interest rate risk are often referred 
to by actuaries as the C-1 risk, C-2 risk, and the C-3 risk, respectively. 
6Ihe margin calculation for each risk category is discussed in Appendix B. 
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expenses, policy maintenance expenses are deducted and monthly in-
vestment income is added to the account. These calculations assume 
that the payments are made in the middle of the month and investment 
income is the product of average monthly assets and the selected yield. 
Let 
Al = Total asset value on 1/1/99, i.e., at the start of the first 
month; 
Ai = Total asset value at the start of month i; 
Ci = Total claim payments made during month i (from equation 
(9)); 
CAEi = Total claim adjustment expenses during month i, usually a 
percentage of Ci; 
PMEi = Total policy maintenance expenses to keep policies in force, 
usually a flat amount or a percentage of unearned premi-
ums; and 
Ii = Total investment income earned during month i; Le., 
1 h = 0.4074% X 2[2Ai - (Ci + CAEi + PMEd]. 
It follows 
(10) 
If the final surplus run-off, A73, is negative, there is a premium defi-
ciency. Otherwise, the unearned premiums are adequate. 
6 Deferred Policy Acquisition Expenses (DPAE) 
6.1 DPAE Before Reinsurance 
Extended warranty is a single premium policy. Acquisition costs are 
paid upfront. If they are expensed in the year when the policy is written, 
there will be a large operating loss in that year. U.S. and Canadian GAAP 
allow deferral of acquisition expenses, provided they meet the test of re-
cover ability. There are two parts to the test. The first part tests whether 
there is a reasonable expectation that the insurer will recover some 
of the acquisition expenses (e.g., brokerage/commission/premium tax, 
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etc.) if a policy is canceled. The second part tests whether the insurer 
can expect a reasonable profit when all the extended warranties expire. 
If both questions are answered affirmatively, then some policy acquisi-
tion expenses are deferrable. The amount that is deferrable, however, 
is still unknown. A reasonable inference from 'the guidance on pre-
mium deficiency (FASB60, paragraph 32, CICA-AcG3 paragraphs 5, 8, 
and 10) is that unearned premiums less DPAE ought to be sufficient to 
discharge future claims and expenses related to the in force business. 
That is, DPAE should not exceed the surplus in the run-off. Also, ex-
penses that have not been incurred cannot be deferred. Therefore the 
allowable deferred policy acquisition expenses should be limited to the 
lesser of: 
(a) The surplus (A73) in the run-off; or 
(b) Acquisition expense ratio times unearned premium reserves. 
The following illustrates this approach for a 6/72 contract at the end of 
year two. In practice, the DPAE calculation is only done for the entire 
extended warranty program, not a portion of it. 
(1) Written Premium $105.26 
(2) Acquisition Expenses Paid $42.11 
(3) Acquisition Expense Ratio, (2)/(1) 40.00% 
(4) Unearned Premiums [95% x (I)] $100.00 
(5) Expected Losses7 $50.00 
(6) Claim Adjustment Expenses $5.00 
(7) Policy Maintenance Expenses $2.00 
(8) Investment Income (see Appendix D) $16.00 
(9) Expected Surplus in Run-off, (4) - (5) - (6) - (7) + (8) $59.00 
(10) Allowable DPAE, Minimum [(3) x (4), (9)] $40.00 
The details of the run-off are shown in Table 8. 
7For most property-casualty insurance poliCies, expected losses are derived as ex-
pected loss ratio times unearned premiums, 
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Table 8 
Run-Off of an Extended Warranty Program with PMEi = 0.04167 
Month 
i Ai Ci CAEi Ii Ai.+l 
1 100.00000 0.43860 0.04386 0.40633 99.88221 
2 99.88221 0.43860 0.04386 0.40585 99.76394 
3 99.76394 0.43860 0.04386 0.40537 99.64519 
4 99.64519 0.43860 0.04386 0.40489 99.52595 
5 99.52595 0.43860 0.04386 0.40440 99.40623 
6 99.40623 0.43860 0.04386 0.40391 99.28602 
7 99.28602 0.43860 0.04386 0.40342 99.16532 
8 99.16532 0.43860 0.04386 0.40293 99.04413 
9 99.04413 0.43860 0.04386 0.40244 98.92245 
10 98.92245 0.43860 0.04386 0.40194 98.80026 
11 98.80026 0.43860 0.04386 0.40144 98.67759 
12 98.67759 0.43860 0.04386 0.40094 98.55441 
13 98.55441 1.31579 0.13158 0.39848 97.46385 
14 97.46385 1.31579 0.13158 0.39403 96.36885 
15 96.36885 1.31579 0.13158 0.38957 95.26939 
16 95.26939 1.31579 0.13158 0.38509 94.16545 
17 94.16545 1.31579 0.13158 0.38060 93.05701 
18 93.05701 1.31579 0.13158 0.37608 91.94406 
19 91.94406 1.31579 0.13158 0.37155 90.82657 
20 90.82657 1.31579 0.13158 0.36699 89.70453 
21 89.70453 1.31579 0.13158 0.36242 88.57791 
22 88.57791 1.31579 0.13158 0.35783 87.44671 
23 87.44671 1.31579 0.13158 0.35322 86.31090 
24 86.31090 1.31579 0.13158 0.34860 85.17047 
The deferral of acquisition expenses does not affect the insurer's 
liabilities. It creates an asset8 on the insurer's balance sheet. As a 
result, the expenses charged to the income statement for an extended 
warranty in year one are reduced substantially. 
8Deferred policy acquisition expenses are classified as an asset (FASB60 paragraph 
29, CIeA, AcG3 paragraph 10). 
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Table 8 (Continued) 
Run-Off of an Extended Warranty Program with PMEi = 0.04167 
Month 
i Ai Ci CAEi Ii Ai+l 
25 85.17047 1.31579 0.13158 0.34395 84.02538 
26 84.02538 1.31579 0.13158 0.33929 82.87563 
27 82.87563 1.31579 0.13158 0.33460 81.72120 
28 81.72120 1.31579 0.13158 0.32990 80.56206 
29 80.56206 1.31579 0.13158 0.32518 79.39821 
30 79.39821 1.31579 0.13158 0.32044 78.22961 
31 78.22961 1.31579 0.13158 0.31567 77.05624 
32 77.05624 1.31579 0.13158 0.31089 75.87810 
33 75.87810 1.31579 0.13158 0.30609 74.69516 
34 74.69516 1.31579 0.13158 0.30127 73.50740 
35 73.50740 1.31579 0.13158 0.29644 72.31480 
36 72.31480 1.31579 0.13158 0.29158 71.11735 
37 71.11735 1.09649 0.10965 0.28719 70.15673 
38 70.15673 1.09649 0.10965 0.28328 69.19220 
39 69.19220 1.09649 0.10965 0.27935 68.22374 
40 68.22374 1.09649 0.10965 0.27540 67.25133 
41 67.25133 1.09649 0.10965 0.27144 66.27497 
42 66.27497 1.09649 0.10965 0.26746 65.29462 
43 65.29462 1.09649 0.10965 0.26347 64.31028 
44 64.31028 1.09649 0.10965 0.25946 63.32193 
45 63.32193 1.09649 0.10965 0.25543 62.32956 
46 62.32956 1.09649 0.10965 0.25139 61.33314 
47 61.33314 1.09649 0.10965 0.24733 60.33266 
48 60.33266 1.09649 0.10965 0.24325 59.32811 
50.00000 5.00000 16.32811 
Rounded 50.00000 5.00000 16.00000 59.00000 
Notes: PMEi is policy maintenance expenses in month i. 
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As deferrable expenses are expressed as a percentage of unearned 
premiums, the choice of a prorata or an exposure-adjusted method af-
fects the amount of deferred policy acquisition expenses. The use of 
the prorata method, however, can lead to a premium deficiency situa-
tion in the latter part of the extended warranty program because the 
insurer has declared too much profit in the early part of the program. 
6.2 DPAE After Reinsurance 
Thus far no reinsurance has been assumed in the above calculations. 
As warranty is a high frequency and low severity class, reinsurance, if 
applicable, will tend to be quota share or aggregate stop loss in nature. 
The effect of reinsurance on DPAE is best illustrated with the exam-
ple provided below: 
Direct Ceded Net 
(1) Unearned Premiums $100.00 $75.00 $25.00 
(2) Expected Losses $50.00 $37.50 $12.50 
(3) Claim Adjustment Expenses $5.00 $3.75 $1.25 
(4) Policy Maintenance $2.00 $0.00 $2.00 
(5) Deferrable Expenses $40.00 $26.25 $13.75 
(6) Investment Income $16.00 N/A $4.00 
(7) Expected Surplus in Run-off $59.00 N/A $13.25 
(8) Allowable DPAE, Min. [(5), (7)] $40.00 $13.25 
(9) Unearned Commissions $26.25 
Notice that the program, before 75 percent quota share reinsurance, 
generates enough surplus ($59) to allow the insurer to defer 40 percent 
of the unearned premiums. In this quota share reinsurance transaction, 
the insurer receives 35 percent ceding commissions and an agreement 
to share claim adjustment expenses on a pro rata basis. The net acqui-
sition expense ratio after reinsurance is 55 percent (13.75/25), higher 
than the 40 percent obtained on a direct basis. Furthermore, the cash 
flow (as a percentage of the unearned premiums) is reduced due to the 
100 percent retained policy maintenance expenses; investment income 
is reduced to $4. Consequently, the surplus in the run-off is reduced to 
$13.25 as opposed to 25 percent of $59 on a direct basis (Le., $14.75). 
The net allowable DPAE is $13.25, being the lesser of deferrable 
expenses ($13.75) and the surplus in the run-off ($13.25). 
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6.3 Impact of Reinsurance on DPAE 
It is worthwhile to look at the insurer's balance sheet before and 
after reinsurance. Before reinsurance, there are unearned premiums of 
$100 and DPAE of $40. The balance sheet is shown in Table 9. After 
reinsurance, the balance sheet (on GAAP gross up basis) is shown in 
Table 10. 
Table 9 
The Balance Sheet Before Reinsurance 
Assets 
Bonds 
Ceded Unearned Premiums 
Ceded Unpaid Claims 
DPAE 
Total 
Liabilities & Shareholders' Equity 
Unearned Premiums 
Unpaid Claims 
Unearned Commissions 
Shareholders' Equity 
Total 
140.00 
0.00 
0.00 
40.00 
180.00 
100.00 
Small 
0.00 
80.00 
180.00 
The net unearned premiums are $25, being $100 on the liability 
ledger less $75 on the asset ledger. On the valuation date, the rein-
surer's ceding commissions are classified as unearned commissions to 
the insurer (Le., a liability) because they have to be returned if the ceded 
premiums are returned. The gross DP AE on the asset ledger is no longer 
$40 because in a run-off the insurer will earn $26.25 commissions from 
the reinsurer and realize an expected surplus of $13.25 from the net 
retained premiums. Therefore, the gross up DPAE should not exceed 
($26.25 + $13.25) or $39.50. Furthermore, the gross up DPAE should 
not exceed $40 (the deferrable expenses before reinsurance) because 
the insurer cannot defer more than its actual deferrable policy acquisi-
tion expenses. In this example the first limitation is lower. Therefore, 
the balance sheet should show $39.50 as the gross allowable DPAE. By 
entering into a quota share reinsurance, some DPAE ($40 - $39.50) is 
lost in the form of frictional cost or profit to the reinsurer. Sharehold-
ers' equity is also reduced by $0.50 
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Table 10 
The Balance Sheet After Reinsurance 
Assets 
Bonds 
Ceded Unearned Premiums 
Ceded Unpaid Claims 
DPAE 
Total 
Liabilities & Shareholders' Equity 
Unearned Premiums 
Unpaid Claims 
Unearned Commissions 
Shareholders' Equity 
Total 
7 Closing Comments 
91.25 
75.00 
Small 
39.50 
205.75 
100.00 
Small 
26.25 
79.50 
205.75 
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This paper describes an exposure-adjusted methodology to calcu-
late the unearned premium reserves of an automobile extended war-
ranty insurance program and test the adequacy of the calculated re-
serves. It also presents a general formula to estimate the allowable 
deferred policy acquisition expenses on a before and after reinsurance 
basis for all property-casualty insurance companies. 
Appendix A-Relevant Aspects of FASB Statement 
No. 60 and AcG3 
FASB Statement No. 60 (Issued June/82) 
FASB Statement No. 609 extracts the specialized principles and prac-
tices from the AICPA insurance industry related guides and statements 
of position and establishes financial accounting and reporting stan-
9FASB Statement No. 60, Accounting and R.epo~ting by Insurance Enterprises, is copy-
righted by the Financial Accounting Standards Board (FASB), 401 Merritt 7, P.O. Box 
5116, Norwalk, Connecticut 06856-5116, U.S.A. Portions are reprinted with permission. 
Complete copies of this document are available from the FASB. 
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dards for insurance enterprises other than mutual life insurance en-
terprises, assessment enterprises, and fraternal benefit societies. 
Insurance contracts, for purposes of this statement, need to be clas-
sified as short-duration or long-duration contracts. Long-duration con-
tracts include contracts, such as whole-life, guaranteed renewable term 
life, endowment, annuity, and title insurance contracts that are ex-
pected to remain in force for an extended period. All other insurance 
contracts are considered short-duration contracts and include most 
property and liability insurance contracts. 
Premiums from short-duration contracts ordinarily are recognized 
as revenue over the period of the contract in proportion to the amount 
of insurance protection provided. Claim costs, including estimates of 
costs for claims relating to insured events that have occurred but have 
not been reported to the insurer, are recognized when insured events 
occur. 
Premiums from long-duration contracts are recognized as revenue 
when due from policyholders. The present value of estimated future 
policy benefits to be paid to or on behalf of policyholders less the 
present value of estimated future net premiums to be collected from 
policyholders are accrued when premium revenue is recognized. Those 
estimates are based on assumptions, such as estimates of expected in-
vestment yields, mortality, morbidity, terminations, and expenses, ap-
plicable at the time the insurance contracts are made. Claim costs are 
recognized when insured events occur. 
Costs that vary with and are primarily related to the acquisition of 
insurance contracts (acquisition costs) are capitalized and charged to 
expense in proportion to premium revenue recognized. 
Investments are reported as follows: common and nonredeemable 
preferred stocks at market, bonds and redeemable preferred stocks at 
amortized cost, mortgage loans at outstanding principal or amortized 
cost, and real estate at depreciated cost. Realized investment gains and 
losses are reported in the income statement below operating income 
and net of applicable income taxes. Unrealized investment gains and 
losses, net of applicable income taxes, are included in stockholders' 
(policyholders') equity. 
For our purposes, the relevant paragraphs pertaining to acquisition 
costs are FASB60, paragraphs 28-31: 
28. Acquisition costs are those costs that vary with and are primarily 
related to the acquisition of new and renewal insurance contracts. 
Commissions and other costs (for example, salaries of certain em-
ployees involved in the underwriting and policy issue functions, 
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and medical and inspection fees) that are primarily related to in-
surance contracts issued or renewed during the period in which 
the costs are incurred shall be considered acquisition costs. 
29. Acquisition costs shall be capitalized and charged to expense in 
proportion to premium revenue recognized. To associate acqui-
sition costs with related premium revenue, acquisition costs shall 
be allocated by groupings of insurance contracts consistent with 
the enterprise's manner of acquiring, servicing, and measuring the 
profitability of its insurance contracts. Unamortized acquisition 
costs shall be classified as an asset. 
30. If acquisition costs for short-duration contracts are determined 
based on a percentage relationship of costs incurred to premiums 
from contracts issued or renewed for a specified period, the per-
centage relationship and the period used, once determined, shall 
be applied to applicable unearned premiums throughout the pe-
riod of the contracts. 
31. Actual acquisition costs for long-duration contracts shall be used 
in determining acquisition costs to be capitalized as long as gross 
premiums are sufficient to cover actual costs. However, estimated 
acquisition costs may be used if the difference is not significant. 
Capitalized acquisition costs shall be charged to expense using 
methods that include the same assumptions used in estimating 
the liability for future policy benefits. 
For our purposes, the relevant paragraph pertaining to premium 
deficiency is FASB60, paragraph 32: 
32. A probable loss on insurance contracts exists if there is a pre-
mium deficiency relating to short-duration or long-duration con-
tracts. Insurance contracts shall be grouped consistent with the 
enterprise's manner of acquiring, servicing, and measuring the 
profitability of its insurance contracts to determine if a premium 
deficiency exists. 
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Accounting Guideline AcG-3 Financial Reporting by Property 
and Casualty Insurance Companies (Issued April 1986)10 
1 The Insurance Industry in Canada is governed by Federal and 
Provincial statutes. These statutes, supplemented by the regu-
lations and annual statement forms issued thereunder, are pri-
marily designed to monitor the solvency of insurance companies 
so as to ensure the protection of policyholders. Financial state-
ments prepared for issuance to shareholders, policyholders and 
other interested parties have, in the past, been greatly influenced 
by these regulatory requirements. 
2 The Canadian Council of Superintendents of Insurance has now 
affirmed that the basic financial statements in the standardized 
annual forms filed with them shall be drawn up to enable prop-
erty and casualty insurance companies to report in accordance 
with generally accepted accounting principles. This action per-
mits property and casualty insurance companies to follow the Ac-
counting Recommendations in the CICA Handbook in the prepa-
ration of financial statements for issuance to shareholders, poli-
cyholders and other interested parties. 
3 This Guideline covers those areas specific to property and casu-
alty insurance companies that are not directly covered by the Ac-
counting Recommendations in the CICA Handbook and identifies 
certain other relevant matters that are covered by those Recom-
mendations. It outlines the practices the Accounting Standards 
Steering Committee considers should be followed by such com-
panies in preparing financial statements in accordance with gen-
erally accepted accounting principles. 
Deferred policy acquisition expenses 
4 Certain costs such as commissions and premium taxes, vary di-
rectly with, and are directly related to, the acquisition of business 
(Le., new and renewal premiums written during the accounting pe-
riod) and can be associated directly with specific revenues. Other 
costs, such as salaries of certain employees involved in underwrit-
ing and policy issuance functions, inspection report fees, and fees 
paid to boards and bureaux, may vary indirectly with the acquisi-
tion of business but are directly related to the premiums written 
lOThis Guideline is to be read in conjunction with the Introduction to Accounting 
Guidelines contained in the CICA Handbook and is reproduced with the permission 
of the Canadian Institute of Chartered Accountants 
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during the period in which the costs are incurred. These costs 
meet the criteria for deferral and association with the related pre-
miums as they are earned, provided such costs are expected to be 
recovered. Certain other costs incurred during the period, such as 
collection expenses and uncollectible accounts, professional fees 
and general administrative expenses, do not vary directly with, 
and are not directly related to, the acquisition of business and 
therefore are charged to expense as incurred. 
5 Deferred policy acquisition expenses may be expected to be re-
covered to the extent that a premium deficiency is not apparent 
at the balance sheet date (see paragraphs 8-10). 
6 Deferred policy acquisition expenses should be determined by 
reasonable groupings of business, consistent with an insurer's 
manner of acquiring, servicing, and measuring the profitability 
of its business. Each individual company must consider its own 
situation in determining such groupings. There are Situations, 
for example, where a number of lines of insurance may be written 
under a composite policy; in this case, it would appear that these 
lines should be aggregated in determining recoverability. Indeed, 
total aggregation might be considered unless particular lines are 
sold and administered in an entirely different fashion from oth-
ers. Pricing of itself is not considered an appropriate criterion for 
segmentation; indeed, certain products that are priced differently 
may support each other in a total business context. Segmentation 
might be considered, for example, when there is a distinct de-
partment for reinsurance assumed, as opposed to direct writing. 
Within reinsurance assumed, segmentation might be considered 
as between treaty business and facultative business or between 
quota share and excess reinsurance. Each case must be assessed 
on its merits with regard being given to the actual operations of 
the company concerned. 
7 "The Insurance Companies Acquisition Expenses Regulations," ap-
plicable to federally registered insurers and certain of the provin-
cial statutes or requirements, limit the deferral of acquisition costs 
to 30% of the unearned premiums. This is not in accordance with 
generally accepted accounting principles. The Departments of In-
surance, however, permit financial statements to be prepared in 
accordance with generally accepted accounting principles in this 
respect provided an appropriation of retained earnings is made in 
the annual statement forms for amounts in excess of 30%. 
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Premium deficiencies 
8 In those instances where anticipated future claims and expenses 
exceed unearned premiums, a premium deficiency exists and pro-
vision should be made therefor. Anticipated future claims and ex-
penses include expected claims (including adjustment expenses), 
maintenance expenses (nondeferrable costs which can be attribu-
ted to maintaining the policies in force), policyholder dividends 
(if applicable) and unamortized deferred policy acquisition ex-
penses. Premium deficiencies should be determined by reason-
able groupings of business. 
9 Consensus has not been reached as to the necessity of including 
consideration of anticipated investment income on policyholders' 
funds in the determination of a premium deficiency. Until this 
matter is resolved, the practice followed should be disclosed in 
the note on accounting policies. 
lOA premium deficiency should first be recognized by writing off any 
unamortized deferred policy acquisition expenses to the extent re-
quired. If the premium deficiency is greater than the unamortized 
deferred policy acquisition expenses, a separate liability should be 
provided for the excess deficiency. This procedure acknowledges 
that where an asset has been impaired, such impairment should 
be recognized before any additional liabilities are recorded. 
Appendix B-Risk Margins in Discount Rates 
The three major risks associated with the discount rate in an actuar-
ial valuation are credit risk, payment pattern risk, and the interest rate 
risk. As was pointed out earlier, the credit risk, claim payment pattern 
risk, and interest rate risk are often referred to by actuaries as the C-l 
risk, C-2 risk, and the C-3 risk, respectively. For an actuarial approach 
to measuring the C-l and C-3 risks, see, for example, Sega (1986) and 
Vanderhoof et al., (1989) for the C-l risk and Mereu (1989) for the C-3 
risk. 
Credit Risk 
Not all investments are of the same quality. Bond and preferred 
share issuers are rated by independent firms. Investors, rightly or 
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wrongly, use this type of information and seasoned judgment in trad-
ing these securities in the secondary market. In the United States and 
Canada, bonds issued or guaranteed by the federal government are the 
most creditworthy securities. Over a period of time, the yields of other 
securities will develop their spreads when compared against the trea-
sury or federal bonds. The extra yield over a comparable treasury (Le., 
the same maturity and currency) is the implied credit risk determined 
by the marketplace. 
The quotations in Table B 1 illustrate how the bond market quantifies 
credit risk by demanding a higher yield from issuers other than the 
federal government. Notice that credit risk varies with the issuer as 
well as the term of maturity. 
Table Bl 
Implied Credit Risk by Maturity 
Issuer 
Federal Government 
A Utility 
A Retailer 
Issuer 
A Utility 
A Retailer 
Maturity in Years 
2 Years 10 Years 30 Years 
5.33% 
5.73% 
6.49% 
5.49% 
6.28% 
7.20% 
5.58% 
7.32% 
8.67% 
Implied Credit Risk 
2 Years 10 Years 30 Years 
0.40% 0.79% 1. 74% 
1.16% 1.71% 3.09% 
In the hypothetical bond portfolio discussed in Section 5, the credit 
risk (in terms of extra yield) of each bond is weighted by its market 
value to arrive at an average credit risk. As the hypothetical bond port-
folio is composed mostly of federal government bonds and short-term 
corporate bonds, the implied credit risk is only 0.10 percent. 
Interest Rate Risk (Mismatching Asset/Liability Risk) 
For this section only bonds and T-bills are used as investments. A 
well-known result in the theory of finance is that a bond portfolio's 
market value changes inversely proportional to the product of its du-
ration and the change in interest rate. [For more on duration see, for 
example, Panjer (1998, Section 3.5) or Boyle (1992, Chapter 3).] For ex-
ample, if a bond portfolio has duration of three years, its value would 
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rise about 3 percent for a 100 basis point decrease in interest rate. If 
the expected claims payments should have an identical duration, its 
present value also will rise 3 percent when the discount rate decreases 
100 basis points. When the asset and liability duration are about the 
same and the yield curve is normal (i.e., long-term bonds yield more 
than short-term ones), the assets are said to be immunized against the 
interest rate risk. In practice yield curves may become inverted (i.e., 
short-term bond yields exceed long-term ones). Fortunately, the yield 
curve seldom remains inverted for long periods. For the remainder of 
this section, the yield curve is assumed to be normal. Risk to the in-
surer's surplus arises when there is a mismatch of asset and liability 
cash flow. 
Let us assume market value of assets is equal to present value of 
claims at the current market yield and both are equal to 1.0. When 
liability duration (DL) exceeds .asset.duration (DA), any decrease in in-
terest rate will diminish the surplus of the insurer. Conversely, when 
asset duration DA exceeds liability duration DL, any increase in inter-
est rate will diminish the surplus of the insurer. For every 100 basis 
points (bp) change in interest rate, the impact on the insurer's surplus 
is approximately as follows: 
Interest Rate Change 
-100 bp 
+100 bp 
-(DL - DA) 
Favorable Effect 
Favorable Effect 
-(DA - DL) 
The risk (adverse effect) in both cases is approximately the absolute 
value of D A - DL. Because the liability duration is DL, one can increase 
the discounted liability value by approximately IDA - DL I if the discount 
rate is reduced by IDA - DL I / DL. In so doing, 100 bp interest rate risk 
can be absorbed into the discounted liability estimate. If the anticipated 
change in interest rate is t bp, the discount rate should be reduced by 
(IDA - DLI/DL) x t/100. 
Finally, if asset value is higher than liability value, one needs to cover 
only a portion of the assets for the interest rate risk (i.e., present value 
of liability/market value of assets). 
Therefore, interest rate risk can be quantified approximately as the 
absolute value of: 
Interest Rate Risk = COV% x (D A;;L DL ) x L\INT 
where L\INT is the anticipated change in interest rate, and 
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COV% = Present Value of Future Claims and Expenses 
o Market Value of Investments Used in Calculations' 
Tables B2 and B3 show the results of our formula in two situations: 
Table B2 
Actual Vs. Estimated Interest Rate Risk 
When DA = 1.000 and DL = 1.941 
Risk 
ilINT MVof PVof Actual Approx 
(in %) INT Assets Liabls (1) (2) AbsEr ReIEr 
0 10 83.115 83.115 
-1 9 83.877 84.559 0.682 0.694 0.012 0.018 
-2 8 84.654 86.052 1.398 1.400 0.002 0.001 
-3 7 85.445 87.594 2.149 2.116 - 0.033 - 0.015 
-4 6 86.251 89.189 2.938 2.844 - 0.094 - 0.032 
Notes: L'1INT = Change in Interest Rate (in %); INT = Interest Rate; MV = Market Value; 
PV of Liabls = Present Value of Liabilities; Approx = Approximation by Formula; 
AbsEr = Absolute Error of Formula = (2) - (1); ReIEr = Relative Error of Formula = 
«2) - (1))/(1). 
The important information used in constructing these tables is as 
follows: 
(a) Assets Available from Extended Warranty Premiums $100; 
(b) Present Value of Future Claims and Expenses $50; 
(c) Duration of Bonds 4.0 years; 
(d) Duration of Liability 2.5 years; 
(e) Interest Rate Risk = 15000 X (4.02~52.5) X 100bp 30 bp. 
Payment Pattern Risk 
As faster payment means shorter liability duration and a smaller 
discount, the same effect can be achieved by decreasing the (liability) 
discount rate. In practice, it is more convenient to lower the discount 
rate than changing the payment pattern. 
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Table B3 
Actual Vs. Estimated Interest Rate Risk 
When DA = 1.000 and DL = 0.500 
Risk 
.0.INT MVof PVof Actual Approx 
(in %) INT Assets Liabls (1) (2) AbsEr ReIEr 
0 10 95.345 95.346 
+1 11 94.486 94.916 0.429 0.436 0.007 0.016 
+2 12 93.643 94.491 0.847 0.879 0.032 0.038 
+3 13 92.814 94.072 1.257 1.327 0.070 0.056 
+4 14 92.000 93.659 1.658 1.782 0.124 0.075 
Notes: 6INT = Change in Interest Rate (in %); INT = Interest Rate; MV = Market Value; 
PV of Liabls = Present Value of Liabilities; Approx = Approximation by Formula; 
AbsEr = Absolute Error of Formula = (2) - (1); ReIEr = Relative Error of Formula = 
«2) - (1))/(1). 
Suppose: 
• Market Yield of Portfolio 
• Liability Duration 
• Average Discount Factor 
• Amount of Discount 
5.75%; 
4 years; 
0.80; 
1 - (1.0575)-4 = 20%. 
If payment pattern is assumed to be three months faster, then, 
• Amount of Discount 
• Average Discount Factor 
1 - (1.0575)-3.75 = 19 percent; 
0.81. 
The implied discount rate is 5.38 percent because (1.0538)-4 = 0.811. 
In this case, the risk margin for the payment pattern risk is 5.75 percent 
less 5.38 percent or 37 basis points. In Section 5, the risk margin is 
rounded as 35 basis points 
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Table B4 shows the relationship between shorter duration and im-
plied discount rate: 
Table B4 
Relationship Between Duration and Implied Discount Rate 
Average Discount Duration Implied Discount Rate 
0.800 4.00 years 5.75% 
0.811 3.75 years 5.38% 
0.822 3.50 years 5.01% 
0.834 3.25 years 4.65% 
0.846 
0.857 
0.870 
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